ABSTRACT
INTRODUCTION
Rheumatoid arthritis (RA) is a complex inflammatory disease characterized mainly by systemic inflammation, persistent synovitis and auto antibodies. 1 Rheumatoid arthritis has been described as one of the most severe and common conditions across the spectrum of inflammatory rheumatic conditions 2 with cardiovascular disease (CVD) representing an extra-articular manifestation associated with increased morbidity and mortality. 3 Atherosclerosis is common in RA 4 and is associated with the chronic disease-related inflammation involving activation of T-lymphocytes and macrophages and the production of pro-inflammatory cytokines. 5 As a result, RA patients exhibit a higher risk of peripheral arterial disease (PAD) compared to the general population. 6 Although PAD has a pivotal role in the development of vascular disease especially in the field of diabetes mellitus, [7] [8] [9] in RA, this entity appears to be under-diagnosed. 10, 11 Although screening for PAD is not routinely performed in RA subjects, diagnostic measures such as Ankle Brachial Pressure Index (ABPI) and Doppler Spectral Waveform Analysis 12 are widely used to investigate such abnormalities in diabetic and other high-risk populations. Of note, ABPI measurement has been reported as an excellent marker to predict cardiovascular disease and mortality. 13, 14 Since atherosclerosis may remain clinically silent for many years, 15 early identification of subclinical PAD is of utmost importance in RA population. Therefore, the aim of the study was to determine the manifestations of PAD in a well-characterized population of RA individuals with no history of cardiovascular events.
SUBJECT SELECTION AND METHODS

Subject Selection
Rheumatoid arthritis individuals were recruited from outpatient Rheumatology Clinic in our centre. A hundred consecutive subjects were enrolled for this investigation, on a "first through the door basis". The study protocol was approved by the University Research Ethics Committee and all participants provided informed consent before data collection. All investigations were carried out in accordance with the principles of the Declaration of Helsinki as revised in 2000. Participants eligible for this study were adults aged >18 years, diagnosed with RA according to the 2010 Revised American College of Rheumatology and European League Against Rheumatism (ACR/EULAR) Diagnostic criteria 16 and with no known history of CVD events. Patients with history of diabetes mellitus, ulcerations or amputations or revascularization surgery as well as those on treatment with anti-platelet and anticoagulant regimens were excluded from the study.
Study Design
A prospective non-experimental observational study was conducted. The clinical tools used during this research were based on validated and previously published methods 17 following a thorough review of the literature on international guidelines and recommendations. A database was constructed to record all the information.
Methods
Patient Characteristics
After informed consent, participants' characteristics were recorded, including gender, age, duration of RA and Body Mass Index. In addition, medication history, blood tests including C-reactive protein, erythrocyte sedimentation rate, rheumatoid factor, anti-cyclic citrullinated peptide antibodies and lipid profile were documented. Hypertension and hypertensive therapy together with additional information such as smoking were also recorded.
Peripheral arterial disease
Vascular assessment including Doppler spectral waveform analysis and ABPIs were conducted. The testing modalities and examination methods were carried out by the same experienced investigator (AS), who had over 10 years' experience in the field, to ensure uniformity. Room temperature where assessment took place was kept at 21 to 23 degrees Celsius (68 to 75 F) to avoid vasoconstriction or vasodilatation of digital arteries due to ambient temperature. All participants underwent both measures because, although ABPI is the accepted 'gold standard test' for diagnosing PAD, we have clearly demonstrated that it is not the case especially if the patients have calcification of arteries. In fact spectral waveform analysis may detect patients with PAD when ABPI may fail to do so. 18 Participants were asked to undo all tight clothing around the waist and the arm. Measurements were carried out after a 5-minute rest in a supine position with the upper body as flat as possible. The following procedure was utilized to measure both brachial systolic pressure and dorsalispedis and posterialtibial pressures and to acquire the qualitative Spectral Waveforms. The Huntleigh® DopplexAssist vascular package (Cardiff, UK), which is composed of a continuous wave Doppler with an 8MHz probe, was used to measure the resting ABPI and to acquire the qualitative Spectral Waveforms of the posterior tibial and dorsalis pedis arteries. The probe was held steadily on the anatomical artery location at an angle between 45 to 60 degrees against the flow of arterial blood until an optimum Doppler signal was achieved. Interpretation of arterial spectral waveforms results was based on evidenced criteria obtained from the literature. 19 Waveforms were classified as triphasic, biphasic, monophasic discontinuous and monophasic continuous. Triphasic waveforms were considered normal, whereas the biphasic, monophasic discontinuous and monophasic continuous waveforms were considered as abnormal and indicative of PAD. 19 Values were interpreted according to the criteria proposed by the American Diabetes Association. 20 ABPI calculations were interpreted as 0.9-.29 normal, lower-extremity vascular disease was defined as an ankle brachial index < 0.90 in either foot. An ABPI of >1.3 was considered significantly elevated and indicative of vascular calcification. All data were recorded on a spreadsheet designed in Microsoft Excel to group together the information required for interpretation of the results. Statistical analyses were carried out using SPSS Version 22 (IBM, Chicago, Illinois, USA). Normalcy for data was statistically tested using the Kolmogorov-Smirnov test, which indicated that since the p-value exceeded the 0.05 level of significance, data were considered to be normally distributed. Thus, the one-way Analysis of Variance (ANOVA) was used to analyse the data.
RESULTS
A total of 100 participants, including 16 males and 84 females were recruited in this study. The mean age of the study group (±SD) and duration of RA was 61 ±11.2 and 12.2±10.8 years respectively ( Table 1) . Table 1 highlights the metabolic characteristics of the study population.
WAVEFORM SPECTRAL ANALYSIS
When analyzing the Posterior Tibial (PT) Artery, 70% of the participants had triphasic waveforms in the Right foot and 66% in the Left foot. Triphasic waveforms of the Dorsalis Pedis Arteries of both feet were recorded in 64% of the participants. Twenty-nine percent of participants had biphasic right and 33% had biphasic left Posterior Tibial Arteries. Thirty-six percent had biphasic Dorsalis Pedis of both feet, Table 1 . Metabolic parameters of the study population (N=100). 
Metabolic parameters
DISCUSSION
This study evaluated the incidence PAD using ankle-brachial index and printed arterial spectral waveforms in subjects living with RA. Our findings highlight the limitations of the use of ABPI measurements in isolation to detect PAD in patients with 
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could possibly be symptomatic. On the other hand, 29% of patients presented with biphasic waveforms indicating initial stages of subclinical PAD. These observations suggest that almost one third of RA patients may suffer from early PAD and the silent clinical presentation may lead to underdiagnosis of this condition in this population. An important characteristic of the recruited sample is the lack of significant co-morbidities, which is the crucial factor when analysing the results of this study. We took care to exclude patients with co-morbidities such as diabetes, treatment with anti-platelet and anti-coagulant treatments, a history of ulcerations or major cardiovascular events in order our sample to include individuals with low CVD risk, thus leaving RA as the main independent variable. The literature identifies CVD risk factors that are common to both diabetes and RA. 21 It has also been reported that RA patients have a higher risk of PAD than the normal population. 6 Normally, production of new blood vessels may occur either by endothelial sprouting from pre-existing angioblasts (Angiogenesis) or by peripheral recruitment of the endothelial progenitor cells (EPCs) (vasculogenesis). Such procedures are important to maintain healthy tissue and also as compensatory methods for development of collateral circulation in regional ischaemia. The quantity of EPCs in the peripheral blood is reported to be inversely correlated with cardiovascular risk. 22 In active RA there is a decrease in circulating EPCs, resulting in increased susceptibility to vascular dysfunction. This is due to the fact that, if less EPCs are found, less vasculogenesis may occur leading to less blood vessel formation and thus increased CVD risk. Wolfe & Michaud confirmed 23 that, in RA, functional and numerical EPC decline is attributed to the upregulated production of tumor necrosis factor-alpha as well as other mediators of inflammation that are known to be pathogenic in RA. This is further augmented by high grade systemic inflammation which accelerates vascular risk in RA 24 and partially explains the peripheral vascular dysfunction noticed in our highly selective RA population. Since TNF is increased in RA patients' suppression of systemic inflammatory load with biologic targeted therapies may lead to normalization of EPC and reduction of CVD risk. It could be speculated that the beneficial effects of biologic therapies on CVD risk described over the last years 25 may be -amongst others -associated with the attenuation of systemic inflammations' adverse action on EPC numbers and functionality. This study has shown that in a cohort of patients with RA with very minimal co-morbidities, nearly all participants (96%) presented with normal ABPI readings. However, qualitative Spectral Waveform Analysis demonstrated suboptimal/mild arterial perfusion in one third of the study group indicative of PAD. These findings are congruent with those of Chuang et al. 6 who reported that RA patients with various co-morbidities showed a significantly higher risk of PAD when compared with their controls without co-morbidities. In contrast, in a case-control study, the authors reported a higher prevalence of abnormal ABPI in patients with RA when compared to matched healthy individuals (p=0.001). 10 These inconclusive results provided the rationale for the conduction of our study to investigate whether RA is an independent risk factor for peripheral arterial disease. 11 This study now suggests that RA may be an independent risk factor for PAD. It has been reported that Doppler analysis offers a particular advantage over the ABPI, since the detection of a pulsatile flow using Doppler analysis may be possible even in calcified arteries. Doppler waveform analysis therefore allows the detection of early arterial disease when normal ABPI readings are recorded. Our observations also indicate that further physiological testing such as toe pressure and toe brachial pressure indices should be performed to establish whether PAD is actually present in case those inconsistencies occur between two screening modalities for PAD namely ABPI and Doppler analysis. Earlier diagnosis of PAD in RA allows the prompt management of CVD risk factors and CVD risk stratification which improves long term outcomes in this population. 26 The duration of RA does not seem to have any impact on arterial perfusion since in this present study, although the duration of the condition amongst our participants ranged from 2 to 24 years, no significant differences was found between RA duration and ABPI and Doppler Spectral Waveform analysis. The only statistically significant association established between cardiovascular disease co-variates assessed was between high serum cholesterol levels and ABPI readings (p=0.022). A limitation of this study is that subjects use of anti-depressants were not recorded, thus authors are unaware of the extent of use of this type of medication, which may affect vasodilation and thus the assessment of vascular supply. More research is required in this field in order to explore the relationship between RA and individual co-morbidities in order to identify which of these factors contribute to PAD in this population.
CONCLUSION
Results indicated that whilst the ABPI index was normal in the majority of participants, waveform analysis was abnormal (biphasic) in approximately one-third of the study sample. This led to the conclusion that some of the recruited subjects with normal ABPI index but abnormal waveforms could mistakenly be classified as normal. This research emphasizes that assess peripheral arterial perfusion assessment should utilize both modalities and when they do not correlate (with either one suggesting PAD), these patients should be monitored or further evaluated accordingly. Early diagnosis of PAD allows the prompt commencement CVD risk management which may delay long-term complications, improve outcomes and reduce the financial burden which this condition imposes on both patients and the healthcare system. Current recommendations about physiological testing of peripheral perfusion in RA should consider including spectral waveforms as part of the assessment in this group of patients.
